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(57) ABSTRACT

In a light-emitting device, supply of current is controlled
using a transistor having a normal gate electrode (a first gate
electrode) and a second gate electrode for controlling thresh-
old voltage. The light-emitting device comprises one or more
switches for selecting conduction or non-conduction between
the first gate electrode and a drain terminal of the transistor.
When the threshold voltage of the transistor is acquired, the
first gate electrode and the drain terminal of the transistor are
brought into conduction with the switch, and the threshold
voltage of the transistor is shifted by controlling the potential
of'the second gate electrode.

16 Claims, 16 Drawing Sheets
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1
LIGHT-EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/612,035, filed Sep. 12, 2012, now allowed, which
claims the benefit of a foreign priority application filed in
Japan as Serial No. 2011-200067 on Sep. 14, 2011, both of
which are incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light-emitting device in
which a transistor is provided in each pixel.

2. Description of the Related Art

In an active matrix light-emitting device including light-
emitting elements, in general, at least a light-emitting ele-
ment, a transistor (a switching transistor) that controls input
of' image signals to pixels, and a transistor (a driving transis-
tor) that controls the value of current supplied to the light-
emitting element in response to an image signal are provided
in each pixel. In a light-emitting device having the above
structure, drain current of a driving transistor is supplied to a
light-emitting element; thus, when the threshold voltage of
driving transistors varies among pixels, the luminance of
light-emitting elements varies correspondingly.

Patent Document 1 discloses a display device in which the
threshold voltage of a TFT 6 (a driver element) is corrected so
that variations in threshold voltage do not influence the lumi-
nance of a light-emitting element.

REFERENCE

Patent Document 1: Japanese Published Patent Application
No. 2004-280059

In the display device disclosed in Patent Document 1, a
gate electrode and a drain electrode of the TFT 6 (the driver
element) are short-circuited when threshold voltage is
detected; thus, the TFT 6 operates in a saturation region.
Thus, when current flowing from the drain electrode of the
TFT 6 to a source electrode of the TFT 6 converges to 0 A, a
potential difference between the gate electrode and the source
electrode equals the threshold voltage, so that the threshold
voltage can be acquired.

In the display device disclosed in Patent Document 1, the
gate electrode and the drain electrode are short-circuited
when the threshold voltage is detected; thus, the potential of
the source electrode of the TFT 6 does not exceed the poten-
tial of the gate electrode of the TFT 6. In other words, the
potential difference between the gate electrode and the source
electrode is not negative voltage. Thus, in the case where the
TFT 6 is normally off and the threshold voltage of the TFT 6
is 0 V or higher, the potential difference between the gate
electrode and the source electrode can equal the threshold
voltage. In the case where the TFT 6 is normally on and the
threshold voltage of the TFT 6 is negative voltage, the poten-
tial difference between the gate electrode and the source
electrode cannot equal the threshold voltage. Consequently,
when the TFT 6 is normally on, the threshold voltage cannot
be acquired, and generation of unevenness in luminance of'a
light-emitting element due to variations in threshold voltage
cannot be prevented.

SUMMARY OF THE INVENTION

Under the technical background, it is an object of the
present invention to provide a light-emitting device in which
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2

variations in luminance among pixels due to variations in
threshold voltage can be reduced even when a transistor is
normally on.

In a light-emitting device according to one embodiment of
the present invention, supply of current to a light-emitting
element is controlled using a transistor having a normal gate
electrode (a first gate electrode) and a second gate electrode
for controlling threshold voltage. The light-emitting device
includes a switch for selecting conduction or non-conduction
between the first gate electrode and a drain terminal of the
transistor. When the threshold voltage of the transistor is
acquired, the gate electrode and the drain terminal of the
transistor are brought into conduction with the switch, and the
threshold voltage of the transistor is shifted by controlling the
potential of the second gate electrode.

The transistor for controlling supply of current to the light-
emitting element may be any insulated-gate field-effect tran-
sistor. Specifically, the transistor includes at least a first gate
electrode, a second gate electrode, a semiconductor film posi-
tioned between the first gate electrode and the second gate
electrode, a first insulating film positioned between the first
gate electrode and the semiconductor film, and a second
insulating film positioned between the second gate electrode
and the semiconductor film. The transistor may further
include a source terminal and a drain terminal that are in
contact with the semiconductor film.

With the above structure, even when the transistor for
controlling supply of current to the light-emitting element is
normally on, the transistor can be normally off when the
threshold voltage is acquired. Thus, while the first gate elec-
trode and the drain terminal of the transistor are brought into
conduction with the switch, that is, are connected to each
other, a potential difference between the second gate elec-
trode and the source terminal can equal the threshold voltage.

In the light-emitting device according to one embodiment
of'the present invention, even when the transistor for control-
ling supply of current to the light-emitting element is nor-
mally on, the threshold voltage can be acquired. Thus, the
threshold voltage can be corrected, so that variations in lumi-
nance among pixels can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 illustrates the structure of a pixel included in a
light-emitting device;

FIGS. 2A and 2B are enlarged views of a circuit 12;

FIG. 3 illustrates the structure of a pixel portion;

FIG. 4 illustrates the structure of a pixel included in a
light-emitting device;

FIG. 5 is a timing chart illustrating the operation of the
pixel;

FIGS. 6 A and 6B schematically illustrate the operation of
the pixel;

FIGS. 7A and 7B schematically illustrate the operation of
the pixel;

FIGS. 8A and 8B each schematically illustrate a state
where a capacitor and a light-emitting element are connected
in series to each other;

FIG. 9 illustrates the structure of the pixel included in the
light-emitting device;

FIG. 10 illustrates the structure of a pixel included in a
light-emitting device;

FIG. 11 is a top view of a pixel;

FIG. 12 is a cross-sectional view of the pixel;

FIG. 13 is a cross-sectional view of a pixel;

FIGS. 14A to 14C are cross-sectional views of pixels;
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FIG. 15 is a perspective view of a panel; and
FIGS. 16A to 16E illustrate electronic devices.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described in
detail below with reference to the drawings. Note that the
present invention is not limited to the following description. It
will be readily appreciated by those skilled in the art that
modes and details of the present invention can be modified in
various ways without departing from the spirit and scope of
the present invention. The present invention therefore should
not be construed as being limited to the following description
of the embodiments.

Note that in this specification, the category of light-emit-
ting devices includes panels in which a light-emitting element
is formed in each pixel, and modules in which ICs and the like
including controllers are mounted on the panels.

Embodiment 1

FIG. 1 illustrates the structure of a pixel included in a
light-emitting device according to one embodiment of the
present invention. A pixel 10 in FIG. 1 includes a switch 11,
a circuit 12 for controlling the amount of current in response
to an image signal, a switch 13, and a light-emitting element
14 supplied with the current from the circuit 12.

Specifically, the switch 11 controls whether an image sig-
nal supplied to a terminal 18 is supplied to the circuit 12. For
example, the switch 11 can be one or more transistors. Alter-
natively, the switch 11 may be a capacitor instead of one or
more transistors.

The circuit 12 includes a transistor 15 whose drain current
is supplied to the light-emitting element 14, a switch 16, and
a capacitor 17. The switch 16 selects conduction or non-
conduction between a gate electrode (represented by G) and a
drain terminal (represented by D) of the transistor 15, that is,
controls connection between the gate electrode and the drain
terminal of the transistor 15. The switch 16 can be one or more
transistors. The capacitor 17 holds a potential difference
between the gate electrode and a source terminal (represented
by S) of the transistor 15, that is, gate voltage Vgs. Note that
the capacitor 17 is not necessarily provided in the circuit 12
when gate capacitance formed between the gate electrode and
an active layer of the transistor 15 is sufficiently high, for
example.

In one embodiment of the present invention, the transistor
15 includes a back gate electrode (a second gate electrode) for
controlling threshold voltage in addition to a normal gate
electrode (a first gate electrode). The potential of the gate
electrode of the transistor 15 is controlled in response to an
image signal supplied to the circuit 12 through the switch 11.
Further, the switch 13 controls supply of the potential of a
terminal 21 to the back gate electrode (represented by BG).
For example, the switch 13 can be one or more transistors.
Alternatively, the switch 13 may be a capacitor instead of one
or more transistors.

Note that the terms “source terminal” and “drain terminal”
of a transistor interchange with each other depending on the
type of the channel of the transistor or levels of potentials
applied to electrodes. In general, in an n-channel transistor, an
electrode to which a low potential is applied is called a source
terminal, and an electrode to which a high potential is applied
is called a drain terminal. Further, in a p-channel transistor, an
electrode to which a low potential is applied is called a drain
terminal, and an electrode to which a high potential is applied
is called a source terminal. In this specification, although the
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connection relation of the transistor is described assuming
that the source terminal and the drain terminal are fixed in
some cases for convenience, actually, the names of the source
terminal and the drain terminal interchange with each other
depending on the relation of the potentials.

A “source terminal” of a transistor means a source region
that is part of an active layer or a source electrode that is
connected to an active layer. Similarly, a “drain terminal” of
atransistor means a drain region that is part of an active layer
or a drain electrode that is connected to an active layer.

In this specification, the term “connection” means electri-
cal connection and corresponds to a state where current,
voltage, or a potential can be supplied or transmitted. Accord-
ingly, a connection state does not always mean a direct con-
nection state but includes an indirect connection state through
an element such as a wiring, a conductive film, a resistor, a
diode, or a transistor so that current, voltage, or a potential can
be supplied or transmitted.

Even when independent components are connected to each
other in a circuit diagram, there is the case where one con-
ductive film has functions of a plurality of components, such
as the case where part of a wiring functions as an electrode.
The term “connection” in this specification also means such a
case where one conductive film has functions of a plurality of
components.

InFIG. 1, the transistor 15 is an n-channel transistor. In that
case, the source terminal ofthe transistor 15 is connected to an
anode of the light-emitting element 14. The drain terminal of
the transistor 15 is connected to a terminal 19, and a cathode
of'the light-emitting element 14 is connected to a terminal 20.
The potential of the terminal 19 is higher than the sum of the
potential of the terminal 20, threshold voltage Vthe of the
light-emitting element 14, and threshold voltage Vth of the
transistor 15. Thus, when the value of the drain current of the
transistor 15 is determined in response to an image signal
supplied to the circuit 12 through the switch 11, the light-
emitting element 14 emits light by supply of the drain current
to the light-emitting element 14.

Inthe case where the transistor 15 is a p-channel transistor,
the source terminal of the transistor 15 is connected to the
cathode of the light-emitting element 14. The drain terminal
of the transistor 15 is connected to the terminal 19, and the
anode of the light-emitting element 14 is connected to the
terminal 20. The potential of the terminal 20 is higher than the
sum of the potential of the terminal 19, the threshold voltage
Vthe of the light-emitting element 14, and the threshold volt-
age Vthof'the transistor 15. As in the case where the transistor
15 is an n-channel transistor, in the case where the transistor
15 is a p-channel transistor, when the value of the drain
current of the transistor 15 is determined in response to an
image signal supplied to the circuit 12 through the switch 11,
the light-emitting element 14 emits light by supply of the
drain current to the light-emitting element 14.

In one embodiment of the present invention, before the
value of the drain current of the transistor 15 is determined in
response to an image signal, the threshold voltage of the
transistor 15 is acquired while the gate electrode and the drain
terminal of the transistor 15 are brought into conduction with
the switch 16. By determining the value ofthe drain current of
the transistor 15 in response to an image signal after the
threshold voltage is acquired, variations in threshold voltage
among pixels can be prevented from influencing the value of
the drain current.

In one embodiment of the present invention, the transistor
15 includes the back gate electrode for controlling the thresh-
old voltage in addition to the normal gate electrode, as
described above. The threshold voltage Vth of the transistor
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15 is controlled in response to a potential applied to the back
gate electrode. In one embodiment of the present invention, in
the case of the normally-on transistor 15, when the threshold
voltage is acquired, by controlling the potential of the back
gate electrode, the threshold voltage Vth of the transistor 15 is
shifted so that the transistor 15 is normally off. The shift
amount of the threshold voltage Vth of the transistor 15 is
controlled in response to the level of the potential of the back
gate electrode, specifically, a potential difference between the
source terminal and the back gate electrode.

Specifically, in the case where the transistor 15 is an
n-channel transistor, the transistor 15 is normally on when the
threshold voltage Vth of the transistor 15 is negative voltage.
Thus, in the case where the transistor 15 is an n-channel
transistor, the threshold voltage Vth is shifted in a positive
direction by setting the potential of the back gate electrode
lower than the potential of the source terminal, so that the
transistor 15 is normally off. In the case where the transistor
15 is a p-channel transistor, the transistor 15 is normally on
when the threshold voltage Vth of the transistor 15 is positive
voltage. Thus, in the case where the transistor 15 is a p-chan-
nel transistor, the threshold voltage Vth is shifted in a negative
direction by setting the potential of the back gate electrode
higher than the potential of the source terminal, so that the
transistor 15 is normally off.

Note that it is difficult to acquire the threshold voltage
when the transistor 15 is normally on. The reason is described
below using an example in which the transistor 15 is an
n-channel transistor.

FIGS. 2A and 2B are enlarged views of the circuit 12. As
illustrated in FIG. 2A, in the case where the transistor 15 is an
n-channel transistor, before the threshold voltage is acquired,
the terminal 19 is kept at a potential that is higher than the
potential of the source terminal of the transistor 15. Specifi-
cally, a potential difference Von is produced between the
source terminal of the transistor 15 and the terminal 19 so that
the potential of the terminal 19 is higher than the sum of the
potential of the source terminal of the transistor 15 and the
threshold voltage Vth of the transistor 15. Then, when the
switch 16 is turned on, the gate electrode and the drain ter-
minal of the transistor 15 are connected to each other.

Thus, as illustrated in FIG. 2A, the gate voltage Vgs of the
transistor 15 equals the potential difference Von, so that the
transistor 15 is turned on and drain current flows. Under the
above condition, the gate electrode of the transistor 15 is
connected to one electrode of the capacitor 17 and the source
terminal of the transistor 15 is connected to the other elec-
trode of the capacitor 17, so that the drain current of the
transistor 15 flows only to the capacitor 17.

With the above structure, electric charge accumulated in
the capacitor 17 is released, so that the potential of the source
terminal of the transistor 15 is raised. Then, the rise in poten-
tial of the source terminal leads to a gradual decrease in the
gate voltage Vgs of the transistor 15, though the gate voltage
Vgs of the transistor 15 equals the potential difference Von at
the beginning of supply of the drain current.

In the case where the transistor 15 is normally off, as the
gate voltage Vgs approaches the threshold voltage Vth, the
drain current becomes 0 A. Accordingly, the threshold voltage
Vth is held in the capacitor 17, and the acquisition of the
threshold voltage Vth is terminated. In the case where the
transistor 15 is normally on, the threshold voltage Vth is
negative voltage. Thus, in order to acquire the threshold volt-
age Vth, the potential of the gate electrode should be lower
than the potential of the source terminal, and the gate voltage
Vgs should be negative voltage. However, since the terminal
19 is kept at the potential that is higher than the potential of the
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6

source terminal of the transistor 15 as described above, the
potential of the gate electrode does not fall below the potential
of the source terminal. Thus, in the case where the transistor
15 is normally on, as illustrated in FIG. 2B, as the gate voltage
Vgs approaches 0 V and a potential difference between the
source terminal and the drain terminal of the transistor 15
approaches 0V, the drain current of the transistor 15 becomes
0 A. Accordingly, the threshold voltage Vith is not held in the
capacitor 17.

In one embodiment of the present invention, even in the
case where the transistor 15 is normally on, when the thresh-
old voltage Vth is acquired, the transistor 15 is normally off
by shifting the threshold voltage Vth. By acquiring the thresh-
old voltage, variations in threshold voltage among pixels can
be corrected, so that variations in luminance among the pixels
can be reduced.

Further, as described above, in one embodiment of the
present invention, any structure can be used as long as con-
nection between the gate electrode and the drain terminal of
the transistor 15 can be controlled with the switch 16. Any
structure can be used as long as the gate voltage Vgs of the
transistor 15 can be held in the capacitor 17 or the gate
capacitance of the transistor 15 in the case where the capacitor
17 is not provided. Alternatively, any structure can be used as
long as electric charge accumulated in the capacitor 17 is
released by drain current flowing to the transistor 15 and thus
the threshold voltage of the transistor 15 is held in the capaci-
tor 17. Thus, the circuit 12 may include a circuit component
such as a transistor, a capacitor, a resistor, or an inductor in
addition to the transistor 15, the switch 16, and the capacitor
17. Furthermore, in order to achieve the structure, a different
circuit component may be provided among the transistor 15,
the switch 16, the capacitor 17, and the terminal 19.

FIG. 3 illustrates a structure example of a pixel portionin a
light-emitting device according to one embodiment of the
present invention. In FIG. 3, a pixel portion 40 includes a
plurality of pixels 10 arranged in a matrix. The pixel portion
40 includes at least scan lines GL for selecting the plurality of
pixels 10 row by row and signal lines SL for transmitting
image signals to the selected pixels 10. Each of the plurality
of pixels 10 is connected to at least one of the scan lines GL.
and at least one of the signal lines SL.

Note that the kinds and number of the lines can be deter-
mined by the structure, number, and position of the pixels 10.
Specifically, in the case of the pixel portion 40 in FIG. 3, the
pixels 10 are arranged in a matrix of x columnsxy rows, and
signal lines SL.1 to SLx and scan lines GL.1 to GLy are
provided in the pixel portion 40.

In one embodiment of the present invention, even when the
pixel portion 40 includes the pixel 10 having the normally-on
transistor 15 and the pixel 10 having the normally-off tran-
sistor 15, the transistors 15 are normally off in all the pixels
10, so that the threshold voltage can be acquired.

Specifically, in the pixel portion 40 in FIG. 3, one potential
for correcting the threshold voltage may be applied to the
back gate electrodes of the transistors 15 in all the pixels 10.
Alternatively, one potential for correcting the threshold volt-
age may be applied to the back gate electrodes of the transis-
tors 15 in pixels of the same row, that is, a plurality of pixels
connected to the same scan line GL. Alternatively, one poten-
tial for correcting the threshold voltage may be applied to the
back gate electrodes of the transistors 15 in pixels of the same
column, that is, a plurality of pixels connected to the same
signal line SL. Accordingly, even when the transistors 15 are
normally on in all the pixels 10 in the pixel portion 40 or the
pixel portion 40 includes the pixel 10 having the normally-on
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transistor 15 and the pixel 10 having the normally-off tran-
sistor 15, the threshold voltage can be acquired.

Embodiment 2

FIG. 4 illustrates a specific structure example of a pixel in
a light-emitting device according to one embodiment of the
present invention.

As in FIG. 1, the pixel 10 in FIG. 4 includes the switch 11,
the circuit 12, the switch 13, and the light-emitting element
14. In the pixel 10 in FIG. 4, the switch 11 is a transistor 30.
Further, the circuit 12 includes the transistor 15, the capacitor
17, transistors 31 to 36, and a capacitor 38. The transistor 31
corresponds to the switch 16 in FIG. 1. The switch 13 is a
transistor 37.

Note that in FIG. 4, the transistor 15 is an n-channel tran-
sistor.

Specifically, in the pixel 10in FIG. 4, a gate electrode of the
transistor 30 is connected to a scan line GLa. One of a source
terminal and a drain terminal of the transistor 30 is connected
to the signal line SL. The other of the source terminal and the
drain terminal of the transistor 30 is connected to the gate
electrode ofthe transistor 15. A gate electrode of the transistor
31 is connected to the scan line GLa. One of a source terminal
and a drain terminal of the transistor 31 is connected to the
gate electrode of the transistor 15. The other of the source
terminal and the drain terminal of the transistor 31 is con-
nected to the drain terminal of the transistor 15. A gate elec-
trode of the transistor 32 is connected to the scan line GLa.
One of a source terminal and a drain terminal of the transistor
32 is connected to one electrode of the capacitor 17. The other
of the source terminal and the drain terminal of the transistor
32is connected to aline VL a. A gate electrode of the transistor
33 is connected to a scan line GLb. One of a source terminal
and a drain terminal of the transistor 33 is connected to the
drain terminal of the transistor 15. The other of the source
terminal and the drain terminal of the transistor 33 is con-
nected to the line VLa. A gate electrode of the transistor 34 is
connected to the scan line GLb. One of a source terminal and
a drain terminal of the transistor 34 is connected to the gate
electrode of the transistor 15. The other of the source terminal
and the drain terminal of the transistor 34 is connected to one
electrode ofthe capacitor 17. A gate electrode of the transistor
35 is connected to the scan line GLb. One of a source terminal
and a drain terminal of the transistor 35 is connected to the
source terminal of the transistor 15 and the other electrode of
the capacitor 17. The other of the source terminal and the
drain terminal of the transistor 35 is connected to the anode of
the light-emitting element 14. A gate electrode of the transis-
tor 36 is connected to a scan line GLc. One of a source
terminal and a drain terminal of the transistor 36 is connected
to the other electrode of the capacitor 17 and the source
terminal of the transistor 15. The other of the source terminal
and the drain terminal of the transistor 36 is connected to a
line VLb. One electrode of the capacitor 38 is connected to the
back gate electrode of the transistor 15. The other electrode of
the capacitor 38 is connected to the source terminal of the
transistor 15. A gate electrode of the transistor 37 is connected
to the scan line GLc. One of a source terminal and a drain
terminal of the transistor 37 is connected to the back gate
electrode of the transistor 15. The other of the source terminal
and the drain terminal of the transistor 37 is connected to a
line VLc.

Note that in the pixel 10 in FIG. 4, one of the source
terminal and the drain terminal of the transistor 31 is con-
nected to the other of the source terminal and the drain ter-
minal of the transistor 30, and the other of the source terminal
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and the drain terminal of the transistor 31 is connected to one
of'the source terminal and the drain terminal of the transistor
33. The connection of the transistor 31 may be any connection
as long as the transistor 31 can control the connection
between the gate electrode and the drain terminal of the
transistor 15. Thus, for example, as in the pixel 10 in FIG. 9,
one of the source terminal and the drain terminal of the
transistor 31 may be connected to the other of the source
terminal and the drain terminal of the transistor 30 and one of
the source terminal and the drain terminal of the transistor 33,
and the other of the source terminal and the drain terminal of
the transistor 31 may be connected to one of the source
terminal and the drain terminal of the transistor 34.

Next, the operation of the pixel 10 in FIG. 4 is described.

FIG. 5 is an example of a timing chart of a potential Vdata
applied to the signal line SL. and potentials applied to the scan
line GLa, the scan line GLb, and the scan line GLc, respec-
tively. Note that in the timing chart in FIG. 5, the transistor 15
and the transistors 30 to 37 are all n-channel transistors.

The operation of the pixel 10 can be described with four
separate periods t1 to t4, as illustrated in FIG. 5. FIGS. 6 A and
6B and FIGS. 7A and 7B schematically illustrate the opera-
tion of the pixel 10 in each period. Note that in FIGS. 6A and
6B and FIGS. 7A and 7B, the transistors 30 to 37 serving as
switching elements are illustrated as switches.

Through the periods t1 to t4, a potential Vano is applied to
the line VLa, a potential V0 is applied to the line VLb, a
potential V1 is applied to the line VLc, and a potential Vcat is
applied to the cathode of the light-emitting element 14. A
difference between the potential Vano and the potential Vcat
in the case of the potential Vcat used as a reference is higher
than the threshold voltage Vthe of the light-emitting element
14. Note that the threshold voltage Vthe of the light-emitting
element 14 is assumed to be 0V in the following description.

First, asillustrated in FIG. 5, in the period t1, low potentials
are applied to the scan lines GLa and GLb, and a high poten-
tial is applied to the scan line GLc. Thus, the transistors 36 and
37 are turned on, and the transistors 30 to 35 are turned off.

FIG. 6 A schematically illustrates the operation of the pixel
10 in the period t1. In the period t1, the transistors 36 and 37
are turned on and the transistors 30 to 35 are turned off as
described above, so that the potential V1 is applied to the back
gate electrode of the transistor 15, and the potential VO is
applied to the source terminal of the transistor 15. Thus, a
potential difference between the back gate electrode and the
source terminal becomes V1-V0 and is held in the capacitor
38.

Note that in this embodiment, V1-V0 is negative voltage.
When the potential difference between the back gate elec-
trode and the source terminal of the transistor 15 becomes
V1-V0, the threshold voltage Vth of the transistor 15 is
shifted in a positive direction. Thus, even when the transistor
15 is normally on when the potential difference between the
back gate electrode and the source terminal is 0 V, the thresh-
old voltage Vth is shifted in a positive direction to be 0 V or
higher. Consequently, the transistor 15 can be normally off.

Next, as illustrated in FIG. 5, in the period 12, a high
potential is applied to the scan line GLa, and low potentials
are applied to the scan lines GLb and GLc. Thus, the transis-
tors 30 to 32 are turned on, and the transistors 33 to 37 are
turned off. The potential Vdata of an image signal is applied
to the signal line SL.

FIG. 6B schematically illustrates the operation of the pixel
10 in the period t2. At the beginning of the period t2, the
transistors 30 to 32 are turned on and the transistors 33 to 37
are turned off as described above and the potential Vdata of
the image signal is applied to the signal line SL, so that the
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potential of the source terminal of the transistor 15 and the
other electrode of the capacitor 17 (the potential of a node A)
becomes the potential V0. Further, the potential of one elec-
trode of the capacitor 17 (the potential of a node B) becomes
the potential Vano. Thus, a potential difference applied to the
capacitor 17 becomes Vano-V0.

In addition, the potential difference V1-V0 between the
back gate electrode and the source terminal of the transistor
15 is held in the capacitor 38. Thus, the threshold voltage Vth
of'the transistor 15 remains at 0 V or higher, and the transistor
15 is kept normally off.

Further, the potential of the gate electrode of the transistor
15 (the potential of a node C) becomes the potential Vdata.
Thus, the gate voltage Vgs of the transistor 15 becomes
Vdata-V0. Naturally, the level of the potential Vdata of the
image signal depends on image data contained in the image
signal; however, the potential Vdata is higher than the sum of
the potential V0 and the threshold voltage Vth of the transistor
15. Consequently, the transistor 15 is turned on, and electric
charge accumulated in the capacitor 17 is released via the
transistor 15.

After the electric charge is released from the capacitor 17,
the potential of the source terminal of the transistor 15 is
raised, and the gate voltage Vgs that is the potential difference
Vdata-V0 at the beginning of the period t2 approaches the
threshold voltage Vth over time. In addition, although the
potential difference applied to the capacitor 17 at the begin-
ning of the period t2 is Vano-V0, after the electric charge is
released from the capacitor 17, the potential difference held in
the capacitor 17 approaches Vano-Vdata+Vth over time.
Consequently, the transistor 15 is eventually turned off.

Thus, in one embodiment of the present invention, even
when the transistor 15 is normally on, the transistor 15 is
normally off by shifting the threshold voltage Vth of the
transistor 15 in the period t1, so that the threshold voltage Vth
of the transistor 15 can be acquired in the period t2.

Note that in one embodiment of the present invention, the
period t2 is not necessarily terminated when the gate voltage
Vgs of the transistor 15 equals the threshold voltage Vth. For
example, when the gate voltage Vgs of the transistor 15 is
lower than the potential difference Vdata—V0 and higher than
the threshold voltage Vth, the period t2 may be terminated.

Next, as illustrated in FIG. 5, in the period t3, low potentials
are applied to the scan lines GLa, GLb, and GLc. Thus, the
transistors 30 to 37 are turned off.

FIG. 7A schematically illustrates the operation of the pixel
10 in the period t3. The transistors 30 to 37 are turned off as
described above, so that a potential difference Vano-Vdata+
Vth is held in the capacitor 17. In addition, the potential
difference V1-V0 between the back gate electrode and the
source terminal of the transistor 15 is held in the capacitor 38.

Next, as illustrated in FIG. 5, in the period t4, a high
potential is applied to the scan line GLb, and low potentials
are applied to the scan lines GLa and GLc. Thus, the transis-
tors 33 to 35 are turned on, and the transistors 30, 31, 32, 36,
and 37 are turned off.

FIG. 7B schematically illustrates the operation of the pixel
10 in the period t4. The transistors 33 to 35 are turned on and
the transistors 30, 31, 32, 36, and 37 are turned off in the
period t4 as described above, so that the potential difference
V1-V0 between the back gate electrode and the source ter-
minal of the transistor 15 is held in the capacitor 38. Thus, the
threshold voltage Vth of the transistor 15 remains at 0 V or
higher, and the transistor 15 is kept normally off.
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Ideally, the potential difference Vano-Vdata+Vth held in
the capacitor 17 is applied between the gate electrode and the
source terminal of the transistor 15 as the gate voltage Vgs of
the transistor 15.

Note that the gate voltage Vgs of the transistor 15 actually
depends on the ratio between the capacitance of the capacitor
17 and the capacitance of the light-emitting element 14; thus,
the gate voltage Vgs of the transistor 15 is not necessarily
ideal voltage, that is, the potential difference Vano-Vdata+
Vith. A potential VA ofthe node A in the period t4 is described
in detail below.

FIG. 8A is a circuit diagram of the capacitor 17. The
capacitor 17 has capacitance C1. As illustrated in FIG. 8A, at
the termination of the period t3, the potential of one electrode
of the capacitor 17 (corresponding to the node B) is the
potential Vano, and the potential of the other electrode of the
capacitor 17 (corresponding to the node A) is a potential
Vdata-Vth. Thus, the potential difference Vano-Vdata+Vth
is held in the capacitor 17.

In the period t4, the capacitor 17 and the light-emitting
element 14 are connected in series to each other through the
transistor 35. FIG. 8B schematically illustrates a state where
the capacitor 17 and the light-emitting element 14 are con-
nected in series to each other. In FIG. 8B, the light-emitting
element 14 is illustrated as one capacitor. The light-emitting
element 14 has capacitance C2. As illustrated in FIG. 8B, at
the termination of the period t4, the potential of the node B is
the potential Vano, and the potential of the cathode of the
light-emitting element 14 is the potential Vcat. The potential
of'the other electrode of the capacitor 17 and the anode of the
light-emitting element 14 (corresponding to the node A) is the
potential VA.

The potential VA of the node A depends on the ratio
between the capacitance C1 of the capacitor 17 and the
capacitance C2 of the light-emitting element 14. Specifically,
in the case where the potential of the node A at the termination
of'the period t4 is the potential VA, the gate voltage Vgs of the
transistor 15 in the period t4 is represented by Equation 1.
Note that Equation 1 shows the case where the potential of the
node A is the potential Vdata—Vth in the period t3.

Vgs=Vano-VA=C2(Vano-Vdata)/(C1+C2)+Vth (Equation 1)

Note that ideal gate voltage Vgs at the termination of the
period t4 equals Vano-Vdata+Vth. When the gate voltage
Vgs has this value, even when the threshold voltage Vth of the
transistors 15 varies, the variation does not influence the drain
current of the transistors 15. In order that the gate voltage Vgs
approaches the ideal voltage, from Equation 1, it is clear that
C2/(C1+C2) preferably approaches 1. In other words, when
the capacitance C2 of the light-emitting element 14 is much
higher than the capacitance C1 of the capacitor 17, the gate
voltage Vgs can approach the ideal voltage.

If the gate voltage Vgs is close to Vano—Vdata+Vth in the
period t4, the threshold voltage Vth is added to the gate
voltage Vgs of the transistor 15. Consequently, variations in
the threshold voltage Vth of the transistors 15 can be pre-
vented from influencing the value of the drain current sup-
plied to the light-emitting element 14. Alternatively, even
when the transistor 15 is degraded and the threshold voltage
Vthis changed, the change in the threshold voltage Vth can be
prevented from influencing the value of the drain current
supplied to the light-emitting element 14. Thus, it is possible
to provide a light-emitting device capable of reducing lumi-
nance unevenness and displaying high-quality images.

The period t3 is not necessarily provided. The period t4
may be started right after the period t2. Note that when the
period t3 is provided, a potential applied to the scan line GLb
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can be changed from a low level to a high level after a
potential applied to the scan line GLa is changed from a high
level to a low level. Consequently, the potential difference
Vano—-Vdata+Vth held in the capacitor 17 can be prevented
from varying due to the change in potential applied to the scan
line GLb.

The above operation is performed on the pixels 10 row by
row. Image signals are written to all the pixels 10 in the pixel
portion row by row, so that images are displayed.

In the light-emitting device according to one embodiment
of'the present invention, for example, in the case where amor-
phous silicon or an oxide semiconductor is used for a semi-
conductor film of the transistor 15, even when the transistor
15 is normally on, luminance unevenness can be reduced and
high-quality images can be displayed.

Note that in the case where the gate voltage Vgs at the
termination of the period t2 is not equal to the threshold
voltage Vth but is lower than the potential difference Vdata—
V0 and higher than the threshold voltage Vth as described
above, not only the variations in the threshold voltage of the
transistors 15 but also variations in mobility can be prevented
from influencing the luminance of the light-emitting element
14. This is described in detail below.

Current Id that flows to the light-emitting element 14 is
represented by ki(Vgs-Vth)?/2, where pis the mobility of the
transistor 15 and k is a constant that depends on the channel
length, channel width, and gate capacitance of the transistor
15. In the case where the mobility L is not corrected, the drain
current Id that flows to the light-emitting element 14 increases
as the mobility p increases, whereas the drain current Id that
flows to the light-emitting element 14 decreases as the mobil-
ity u decreases.

For example, in the case where the potential of the node A
at the termination of the period t2 is lower than Vdata—Vth,
the gate voltage Vgs of the transistor 15 is voltage Va. The
voltage Va is the sum of the threshold voltage Vth and offset
voltage Vb. In that case, at the termination of the period t2, a
potential difference Vano-Vdata+Vb+Vth is held in the
capacitor 17.

Then, in the period t4, the potential difference held in the
capacitor 17 is the gate voltage Vgs of the transistor 15. Thus,
the drain current Id in the period t4 is represented by
ku(Vano-Vdata+Vb)*/2. Consequently, even in the case
where the potential of the node A at the termination of the
period t2 is lower than Vdata—Vth, a change in value of drain
current due to variations in the threshold voltage Vth is can-
celed.

In the case where the transistor 15 is an n-channel transis-
tor, the offset voltage Vb is positive voltage. Accordingly, as
the mobility pn decreases, the absolute value of the drain
current Id increases. In contrast, as the mobility p increases,
the absolute value of the drain current Id decreases. Thus, Vb
serves as a correction term for correcting variations in the
drain current Id due to the mobility p in the period t4; a
decrease in the drain current Id can be inhibited even when the
mobility p decreases, whereas an increase in the drain current
1d can be inhibited even when the mobility y increases.

This embodiment can be combined with any of the other
embodiments as appropriate.

Embodiment 3

FIG. 10 illustrates a specific structure example of a pixel in
a light-emitting device according to one embodiment of the
present invention.

AsinFIG. 1, the pixel 10 in FIG. 10 includes the switch 11,
the circuit 12, the switch 13, and the light-emitting element
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14. In the pixel 10 in FIG. 10, the switch 11 is a transistor 51.
Further, the circuit 12 includes the transistor 15, the capacitor
17, transistors 52 to 55, and capacitors 57 and 58. The tran-
sistor 52 corresponds to the switch 16 in FIG. 1. The switch 13
is a transistor 56.

Note that in FIG. 10, the transistor 15 is an n-channel
transistor.

Specifically, in the pixel 10 in FIG. 10, a gate electrode of
the transistor 51 is connected to the scan line GLa. One of a
source terminal and a drain terminal of the transistor 51 is
connected to the signal line SL. The other of the source
terminal and the drain terminal of the transistor 51 is con-
nected to the gate electrode of the transistor 15 and one
electrode ofthe capacitor 17. A gate electrode of the transistor
52 is connected to the scan line GLb. One of a source terminal
and a drain terminal of the transistor 52 is connected to the
gate electrode of the transistor 15 and one electrode of the
capacitor 17. The other of the source terminal and the drain
terminal of the transistor 52 is connected to the drain terminal
of the transistor 15. A gate electrode of the transistor 53 is
connected to the scan line GLb. One of a source terminal and
a drain terminal of the transistor 53 is connected to the line
VLb. The other of the source terminal and the drain terminal
of the transistor 53 is connected to the drain terminal of the
transistor 15. A gate electrode of the transistor 54 is connected
to the scan line GLc. One of a source terminal and a drain
terminal of the transistor 54 is connected to the drain terminal
of' the transistor 15. The other of the source terminal and the
drain terminal of the transistor 54 is connected to the line
VLa. A gate electrode of the transistor 55 is connected to a
scan line GLd. One of a source terminal and a drain terminal
of the transistor 55 is connected to the anode of the light-
emitting element 14. The other of the source terminal and the
drain terminal of the transistor 55 is connected to a line VL.d.
A gate electrode of the transistor 56 is connected to a scan line
GLe. One of a source terminal and a drain terminal of the
transistor 56 is connected to the back gate electrode of the
transistor 15. The other of the source terminal and the drain
terminal of the transistor 56 is connected to the line VL.c. One
electrode of the capacitor 57 is connected to the source ter-
minal of the transistor 15, the other electrode of the capacitor
17, and the anode of the light-emitting element 14. The other
electrode ofthe capacitor 57 is connected to the line VI.d. One
electrode of the capacitor 58 is connected to the back gate
electrode of the transistor 15. The other electrode of the
capacitor 58 is connected to the source terminal of the tran-
sistor 15.

Next, the operation of the pixel 10 in FIG. 10 is described.

The operation of the pixel 10 in FIG. 10 can be described
with five separate periods t1 to t5.

Through the periods t1 to t5, the potential Vano is applied
to the line VLa, a potential V2 is applied to the line VLb, a
potential V3 is applied to the line VLc, a potential V4 is
applied to the line VLd, and the potential Vcatis applied to the
cathode of the light-emitting element 14. The difference
between the potential Vano and the potential Vcat in the case
of the potential Vcat used as a reference is higher than the
threshold voltage Vthe of the light-emitting element 14. Note
that the threshold voltage Vthe of the light-emitting element
14 is assumed to be 0 V in the following description. The
potential V2 is higher than the potential Vcat and lower than
the potential Vano. The potential V3 is lower than the poten-
tial Vcat and the potential V4. The potential V4 is lower than
the potential Vcat.

First, in the period tl, the transistors 55 and 56 are turned
on, and the transistors 51 to 54 are turned off. Thus, in the
period tl, the potential V3 is applied to the back gate electrode
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of the transistor 15, and the potential V4 is applied to the
source terminal of the transistor 15. Consequently, the poten-
tial difference between the back gate electrode and the source
terminal becomes V3-V4 and is held in the capacitor 58.

Since the potential difference V3-V4 between the back
gate electrode and the source terminal of the transistor 15 is
negative voltage, the threshold voltage Vth of the transistor 15
is shifted in a positive direction. Thus, even when the transis-
tor 15 is normally on when the potential difference between
the back gate electrode and the source terminal is 0 V, the
threshold voltage Vth is shifted in a positive direction to be 0
V or higher. Consequently, the transistor 15 can be normally
off.

Next, in the period t2, the transistors 52, 53, and 55 are
turned on, and the transistors 51, 54, and 56 are turned off.
The potential difference V3-V4 between the back gate elec-
trode and the source terminal of the transistor 15 is held in the
capacitor 58. Thus, the threshold voltage Vth of the transistor
15 remains at 0 V or higher, and the transistor 15 is kept
normally off. Further, in the period 12, the gate voltage Vgs of
the transistor 15 becomes a potential difference V2-V4. Con-
sequently, the transistor 15 is turned on, and drain current
flows to the transistor 15.

Next, in the period t3, the transistors 52 and 53 are turned
on, and the transistors 51, 54, 55, and 56 are turned off. The
potential difference V3-V4 between the back gate electrode
and the source terminal of the transistor 15 is held in the
capacitor 58. Thus, the threshold voltage Vth of the transistor
15 remains at 0 V or higher, and the transistor 15 is kept
normally off. After electric charge accumulated in the capaci-
tor 17 is released through the transistor 15, the potential of the
source terminal of the transistor 15 is raised. In addition, the
gate voltage Vgs that is the potential difference V2-V4 at the
beginning of the period t3 approaches the threshold voltage
Vth over time. Consequently, the transistor 15 is eventually
turned off.

Thus, in one embodiment of the present invention, even
when the transistor 15 is normally on, the transistor 15 is
normally off by shifting the threshold voltage Vth of the
transistor 15 in the period t1, so that the threshold voltage Vth
of the transistor 15 can be acquired in the period t3.

Note that in one embodiment of the present invention, the
period t3 is not necessarily terminated when the gate voltage
Vgs of the transistor 15 equals the threshold voltage Vth. For
example, when the gate voltage Vgs of the transistor 15 is
lower than the potential difference V2-V4 and higher than the
threshold voltage Vth, the period t3 may be terminated.
Accordingly, as in the pixel 10 in FIG. 4, not only variations
in the threshold voltage Vth but also variations in the mobility
of the transistors 15 can be corrected.

Next, in the period t4, the transistor 51 is turned on, and the
transistors 52 to 56 are turned off. The potential Vdata of an
image signal is applied to the signal line SL. The potential
difference V3-V4 between the back gate electrode and the
source terminal of the transistor 15 is held in the capacitor 58.
Thus, the threshold voltage Vth of the transistor 15 remains at
0V orhigher, and the transistor 15 is kept normally off. When
the potential Vdata is applied to the gate electrode of the
transistor 15, the gate voltage Vgs of the transistor 15 is
ideally a potential difference Vdata—Vcat+Vth.

Note that the gate voltage Vgs of the transistor 15 actually
depends on the ratio between the capacitance of the capacitor
17 and the capacitance of the capacitor 57 and the light-
emitting element 14; thus, the gate voltage Vgs of the tran-
sistor 15 is not necessarily ideal voltage, that is, the potential
difference Vdata-Vcat+Vth. However, as in the pixel 10 in
FIG. 4, when the total capacitance of the capacitor 57 and the
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light-emitting element 14 is much higher than the capacitance
of the capacitor 17, the gate voltage Vgs can approach the
ideal voltage.

Next, in the period t5, the transistor 54 is turned on, and the
transistors 51, 52, 53, 55, and 56 are turned off. The potential
difference V3-V4 between the back gate electrode and the
source terminal of the transistor 15 is held in the capacitor 58.
Thus, the threshold voltage Vth of the transistor 15 remains at
0V or higher, and the transistor 15 is kept normally off.

The transistor 15 supplies drain current based on the gate
voltage Vgs of the transistor 15 to the light-emitting element
14. The luminance of the light-emitting element 14 depends
on the value of the drain current. As the drain current
increases, the luminance of the light-emitting element 14
increases. As the drain current decreases, the luminance of the
light-emitting element 14 decreases.

If the gate voltage Vgs is close to Vdata—Vcat+Vth in the
period t4, the threshold voltage Vth is added to the gate
voltage Vgs of the transistor 15. Consequently, in the period
15, variations in the threshold voltage Vth of the transistors 15
can be prevented from influencing the value of the drain
current supplied to the light-emitting element 14. Alterna-
tively, even when the transistor 15 is degraded and the thresh-
old voltage Vth is changed, the change in the threshold volt-
age Vth can be prevented from influencing the value of the
drain current supplied to the light-emitting element 14. Thus,
it is possible to provide a light-emitting device capable of
reducing luminance unevenness and displaying high-quality
images.

The above operation is performed on the pixels 10 row by
row. Image signals are written to all the pixels 10 in the pixel
portion row by row, so that images are displayed.

In the light-emitting device according to one embodiment
of'the present invention, for example, in the case where amor-
phous silicon or an oxide semiconductor is used for the semi-
conductor film of the transistor 15, even when the transistor
15 is normally on, luminance unevenness can be reduced and
high-quality images can be displayed.

This embodiment can be combined with any of the other
embodiments as appropriate.

Embodiment 4

The pixel layout of a light-emitting device according to one
embodiment of the present invention is described with refer-
ence to FIG. 11 and FIG. 12 by using the pixel 10 in FIG. 4 as
an example. FIG. 11 is an example of a top view of the pixel.
FIG. 12 is an example of a cross-sectional view taken along
dashed lines A1-A2 and A3-A4 in the top view in FIG. 11.
Note that in order to clearly show the pixel layout, a variety of
insulating films are not illustrated in the top view of the pixel
in FIG. 11. In addition, in order to clearly show the layout of
avariety of semiconductor elements included in the pixel, an
EL layer and a cathode are not illustrated in the top view of the
pixel in FIG. 11.

In the pixel in FIG. 11 and FIG. 12, the transistor 30
includes, over a substrate 800 having an insulating surface, a
conductive film 801 functioning as a gate electrode, a gate
insulating film 802 over the conductive film 801, a semicon-
ductor film 803 positioned over the gate insulating film 802 to
overlap with the conductive film 801, and conductive films
804 and 805 that are positioned over the semiconductor film
803 and function as a source terminal and a drain terminal.
The conductive film 801 also functions as the scan line GLa.
The conductive film 804 also functions as the signal line SL.

The transistor 34 includes, over the substrate 800 having an
insulating surface, a conductive film 806 functioning as a gate



US 9,305,988 B2

15

electrode, the gate insulating film 802 over the conductive
film 806, a semiconductor film 807 positioned over the gate
insulating film 802 to overlap with the conductive film 806,
and the conductive film 805 and a conductive film 808 that are
positioned over the semiconductor film 807 and function as a
source terminal and a drain terminal. The conductive film 806
also functions as the scan line GLb.

The transistor 33 includes, over the substrate 800 having an
insulating surface, the conductive film 806 functioning as a
gate electrode, the gate insulating film 802 over the conduc-
tive film 806, a semiconductor film 809 positioned over the
gate insulating film 802 to overlap with the conductive film
806, and conductive films 810 and 811 that are positioned
over the semiconductor film 809 and function as a source
terminal and a drain terminal. The conductive film 811 also
functions as the line VLa.

The transistor 32 includes, over the substrate 800 having an
insulating surface, the conductive film 801 functioning as a
gate electrode, the gate insulating film 802 over the conduc-
tive film 801, a semiconductor film 812 positioned over the
gate insulating film 802 to overlap with the conductive film
801, and the conductive films 811 and 808 that are positioned
over the semiconductor film 812 and function as a source
terminal and a drain terminal.

The transistor 31 includes, over the substrate 800 having an
insulating surface, the conductive film 801 functioning as a
gate electrode, the gate insulating film 802 over the conduc-
tive film 801, a semiconductor film 813 positioned over the
gate insulating film 802 to overlap with the conductive film
801, and the conductive film 810 and a conductive film 814
that are positioned over the semiconductor film 813 and func-
tion as a source terminal and a drain terminal. Note that the
conductive film 814 is connected to the conductive film 805
through a conductive film 815.

The transistor 35 includes, over the substrate 800 having an
insulating surface, the conductive film 806 functioning as a
gate electrode, the gate insulating film 802 over the conduc-
tive film 806, a semiconductor film 816 positioned over the
gate insulating film 802 to overlap with the conductive film
806, and conductive films 817 and 818 that are positioned
over the semiconductor film 816 and function as a source
terminal and a drain terminal.

The transistor 36 includes, over the substrate 800 having an
insulating surface, a conductive film 823 functioning as a gate
electrode, the gate insulating film 802 over the conductive
film 823, a semiconductor film 824 positioned over the gate
insulating film 802 to overlap with the conductive film 823,
and the conductive film 818 and a conductive film 825 that are
positioned over the semiconductor film 824 and function as a
source terminal and a drain terminal. Note that the conductive
film 823 also functions as the scan line GLc. The conductive
film 825 is connected to a conductive film 830 functioning as
the line VLb.

The transistor 37 includes, over the substrate 800 having an
insulating surface, the conductive film 823 functioning as a
gate electrode, the gate insulating film 802 over the conduc-
tive film 823, a semiconductor film 826 positioned over the
gate insulating film 802 to overlap with the conductive film
823, and conductive films 827 and 828 that are positioned
over the semiconductor film 826 and function as a source
terminal and a drain terminal. The conductive film 828 is
connected to a conductive film 829 functioning as the line
VLe.

The transistor 15 includes, over the substrate 800 having an
insulating surface, a conductive film 831 functioning as a gate
electrode, the gate insulating film 802 over the conductive
film 831, a semiconductor film 832 positioned over the gate
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insulating film 802 to overlap with the conductive film 831,
and the conductive films 810 and 818 that are positioned over
the semiconductor film 832 and function as a source terminal
and a drain terminal. The transistor 15 further includes insu-
lating films 820 and 821 that are sequentially stacked over the
conductive films 810 and 818, and a conductive film 833 that
functions as a back gate electrode and is positioned over the
insulating films 820 and 821 to overlap with the semiconduc-
tor film 832. The conductive film 833 is connected to the
conductive film 827. Further, the conductive film 831 is con-
nected to the conductive film 814.

The capacitor 17 includes, over the substrate 800 having an
insulating surface, a conductive film 834, the gate insulating
film 802 over the conductive film 834, and the conductive film
818 positioned over the gate insulating film 802 to overlap
with the conductive film 834. The conductive film 834 is
connected to the conductive film 808.

The capacitor 38 includes, over the substrate 800 having an
insulating surface, a conductive film 835, the gate insulating
film 802 over the conductive film 835, and the conductive film
818 positioned over the gate insulating film 802 to overlap
with the conductive film 835. The conductive film 835 is
connected to the conductive film 827.

In addition, a conductive film 819 functioning as an anode
is formed over the insulating film 821. The conductive film
819 is connected to the conductive film 817 through an open-
ing 822 formed in the insulating films 820 and 821.

In addition, an insulating film 836 having an opening
where part of the conductive film 819 is exposed is provided
over the conductive film 819 and the insulating film 821. An
EL layer 837 and a conductive film 838 functioning as a
cathode are sequentially stacked over the part of the conduc-
tive film 819 and the insulating film 836. A region where the
conductive film 819, the EL. layer 837, and the conductive
film 838 overlap with each other corresponds to the light-
emitting element 14.

Note that in one embodiment of the present invention, the
semiconductor film 803, 807, 809, 812, 813, 816, 824, 826, or
832 may contain an amorphous, microcrystalline, polycrys-
talline, or single crystal semiconductor (e.g., silicon or ger-
manium) or a wide bandgap semiconductor (e.g., an oxide
semiconductor).

For a light-emitting device including an amorphous silicon
oroxide semiconductor transistor, a glass substrate of the fifth
generation (1200 mm widex1300 mm long) or later can be
used. Thus, such a light-emitting device has advantages of
high productivity and low cost. However, amorphous silicon
or oxide semiconductor transistors generally have the same
polarity and easily become normally on. In one embodiment
of the present invention, even when the transistor 15 for
controlling supply of current to the light-emitting element 14
is normally on, the transistor 15 is normally off by shifting the
threshold voltage of the transistor 15, so that the threshold
voltage can be acquired. Thus, even in a light-emitting device
including an amorphous silicon or oxide semiconductor tran-
sistor, luminance unevenness can be reduced and high-quality
images can be displayed.

Note that when the semiconductor film 803, 807, 809, 812,
813, 816, 824, 826, or 832 contains an amorphous, microc-
rystalline, polycrystalline, or single crystal semiconductor
(e.g., silicon or germanium), an impurity region functioning
as a source region or a drain region is formed by addition of an
impurity element imparting conductivity to the semiconduc-
tor film. For example, an impurity region having n-type con-
ductivity can be formed by addition of phosphorus or arsenic
to the semiconductor film. Further, for example, an impurity
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region having p-type conductivity can be formed by addition
of boron to the semiconductor film.

When the semiconductor film 803, 807, 809, 812, 813, 816,
824, 826, or 832 contains an oxide semiconductor, a dopant
may be added to the semiconductor film to form an impurity
region functioning as a source region or a drain region. The
dopant can be added by ion implantation. A rare gas such as
helium, argon, or xenon; a Group 15 atom such as nitrogen,
phosphorus, arsenic, or antimony; or the like can be used as
the dopant. For example, in the case where nitrogen is used as
the dopant, the concentration of nitrogen atoms in the impu-
rity region is preferably 5x10'%/cm® or higher and 1x10%%/
cm’ or lower.

Note that as a silicon semiconductor, any of the following
can be used: amorphous silicon formed by sputtering or vapor
phase growth such as plasma-enhanced CVD; polycrystalline
silicon obtained by crystallization of amorphous silicon by
treatment such as laser annealing; single crystal silicon
obtained by separation of a surface portion of a single crystal
silicon wafer by implantation of hydrogen ions or the like into
the silicon wafer; and the like.

Note that an oxide semiconductor preferably contains at
least indium (In) or zinc (Zn). In particular, the oxide semi-
conductor preferably contains In and Zn. As a stabilizer for
reducing variations in electrical characteristics of a transistor
including the oxide semiconductor, the oxide semiconductor
preferably contains gallium (Ga) in addition to In and Zn. Tin
(Sn) is preferably contained as a stabilizer. Hathium (Hf) is
preferably contained as a stabilizer. Aluminum (Al) is pref-
erably contained as a stabilizer.

As another stabilizer, one or more kinds of lanthanoid such
as lanthanum (La), cerium (Ce), praseodymium (Pr), neody-
mium (Nd), samarium (Sm), europium (Eu), gadolinium
(Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium
(Er), thulium (Tm), ytterbium (Yb), or lutetium (Lu) may be
contained.

For example, indium oxide; tin oxide; zinc oxide; a binary
metal oxide such as an In—Zn-based oxide, a Sn—Zn-based
oxide, an Al—Zn-based oxide, a Zn—Mg-based oxide, a
Sn—Mg-based oxide, an In—Mg-based oxide, or an In—Ga-
based oxide; a ternary metal oxide such as an In—Ga—Z7n-
based oxide (also referred to as IGZ0O), an In—Al—Zn-based

oxide, an In—Sn—Zn-based oxide, a Sn—Ga—Zn-based
oxide, an Al-—Ga—Zn-based oxide, a Sn—Al—Zn-based
oxide, an In—Hf—Zn-based oxide, an In—ILa—Zn-based
oxide, an In—Ce—Zn-based oxide, an In—Pr—Zn-based
oxide, an In—Nd—Zn-based oxide, an In—Sm—~Zn-based
oxide, an In—FEu—Zn-based oxide, an In—Gd—Zn-based
oxide, an In—Tb—Z7n-based oxide, an In—Dy—Z7n-based
oxide, an In—Ho—Zn-based oxide, an In—FEr—Zn-based

oxide, an In—Tm—Zn-based oxide, an In—Yb—Zn-based
oxide, or an In—I,u—7n-based oxide; or a quaternary metal
oxide such as an In—Sn—Ga—Zn-based oxide, an In—Hf—
Ga—Zn-based oxide, an In—Al—Ga—Zn-based oxide, an
In—Sn—Al—Zn-based oxide, an In—Sn—Hf—Zn-based
oxide, or an In—Hf—Al—Zn-based oxide can be used as an
oxide semiconductor. The oxide semiconductor may contain
silicon.

Note that, for example, an In—Ga—Zn-based oxide means
an oxide containing In, Ga, and Zn, and there is no limitation
on the ratio of In, Ga, and Zn. In addition, the In—Ga—Zn-
based oxide may contain a metal element other than In, Ga,
and Zn. The In—Ga—7Z7n-based oxide has sufficiently high
resistance when there is no electric field and off-state current
can be sufficiently reduced. Further, with high mobility, the
In—Ga—Zn-based oxide is suitable for a semiconductor
material used in a semiconductor device.

10

15

20

25

30

35

40

45

50

55

60

65

18

For example, an In—Ga—Z7n-based oxide with an atomic
ratio of In:Ga:Zn=1:1:1 (=1/3:1/3:1/3) or In:Ga:Zn=2:2:1
(=2/5:2/5:1/5), or an oxide whose composition is in the neigh-
borhood of'the above composition can be used. Alternatively,
an In—Sn—7n-based oxide with an atomic ratio of In:Sn:
Zn=1:1:1 (=1/3:1/3:1/3), In:Sn:Zn=2:1:3 (=1/3:1/6:1/2), or
In:Sn:Zn=2:1:5 (=1/4:1/8:5/8), or an oxide whose composi-
tion is in the neighborhood of the above composition is pref-
erably used.

For example, with an In—Sn—Z7n-based oxide, high
mobility can be comparatively easily obtained. However,
even with an In—Ga—7/n-based oxide, mobility can be
increased by lowering defect density in a bulk.

Note that a highly-purified oxide semiconductor (a purified
oxide semiconductor) obtained by reduction of impurities
such as moisture or hydrogen that serve as electron donors
(donors) and reduction of oxygen vacancies is an intrinsic
(i-type) semiconductor or a substantially intrinsic semicon-
ductor. Thus, a transistor including the oxide semiconductor
has extremely low oft-state current. Further, the band gap of
the oxide semiconductor is 2 eV or more, preferably 2.5 eV or
more, more preferably 3 eV or more. With the use of an oxide
semiconductor film that is highly purified by a sufficient
decrease in concentration of impurities such as moisture or
hydrogen and reduction of oxygen vacancies, the off-state
current of the transistor can be decreased.

Specifically, various experiments can prove low off-state
current of a transistor including a highly-purified oxide semi-
conductor for a semiconductor film. For example, even when
an element has a channel width of 1x10° pm and a channel
length of 10 pm, off-state current can be lower than or equal
to the measurement limit of a semiconductor parameter ana-
lyzer, i.e., lower than or equal to 1x107'3 A, ata voltage (drain
voltage) between a source terminal and a drain terminal of 1
to 10 V. In that case, it can be seen that off-state current
standardized on the channel width of the transistor is lower
than or equal to 100 zA/um. In addition, a capacitor and a
transistor were connected to each other and off-state current
was measured using a circuit in which electrical charge flow-
ing to or from the capacitor is controlled by the transistor. In
the measurement, a highly-purified oxide semiconductor film
was used for a channel formation region of the transistor, and
the off-state current of the transistor was measured from a
change in the amount of electrical charge of the capacitor per
unit hour. As aresult, it can be seen that, in the case where the
voltage between the source terminal and the drain terminal of
the transistor is 3 V, a lower off-state current of several tens of
yoctoamperes per micrometer (yA/um) is obtained. Accord-
ingly, the transistor including the highly-purified oxide semi-
conductor film for a channel formation region has much lower
off-state current than a crystalline silicon transistor.

Note that unless otherwise specified, in this specification,
off-state current of an re-channel transistor is current that
flows between a source terminal and a drain terminal when
the potential of the drain terminal is higher than that of the
source terminal or that of a gate electrode while the potential
of'the gate electrode is OV or lower in the case of the potential
of the source terminal used as a reference. Alternatively, in
this specification, off-state current of a p-channel transistor is
current that flows between a source terminal and a drain
terminal when the potential of the drain terminal is lower than
that of the source terminal or that of a gate electrode while the
potential of the gate electrode is OV or higher in the case of the
potential of the source terminal used as a reference.

For example, the oxide semiconductor film can be formed
by sputtering using a target including indium (In), gallium
(Ga), and zinc (Zn). In the case where an In—Ga—Z7n-based
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oxide semiconductor film is formed by sputtering, it is pref-
erable to use a target of an In—Ga—7n-based oxide with an
atomic ratio of In:Ga:Zn=1:1:1, 4:2:3, 3:1:2, 1:1:2, 2:1:3, or
3:1:4. When an oxide semiconductor film is formed using a
target of an In—Ga—Z7n-based oxide having the above
atomic ratio, a polycrystal or a c-axis-aligned crystal (CAAC)
OS to be described later is easily formed. The filling factor of
the target including In, Ga, and Zn is higher than or equal to
90% and lower than or equal to 100%, preferably higher than
or equal to 95% and lower than 100%. With the use of the
target with a high filling factor, a dense oxide semiconductor
film is formed.

In the case where an In—Zn-based material is used for the
oxide semiconductor, a target used has an atomic ratio of
In:Zn=50:1 to 1:2 (In,O5:Zn0O=25:1 to 1:4 in a mole ratio),
preferably In:Zn=20:1 to 1:1 (In,0,:Zn0=10:1 to 1:2 in a
mole ratio), more preferably In:Zn=1.5:1 to 15:1 (In,O;:
Zn0=3:41t0 15:2 in a mole ratio). For example, when a target
used for deposition of an oxide semiconductor film formed
using an In—Z7n-based oxide has an atomic ratio of In:Zn:
0=X:Y:7Z, 7>1.5X+Y. The mobility can be increased by
keeping the ratio of Zn within the above range.

Specifically, the oxide semiconductor film may be depos-
ited in such a manner that the substrate is held in a treatment
chamber kept in a reduced pressure state, moisture remaining
in the treatment chamber is removed, a sputtering gas from
which hydrogen and moisture are removed is introduced, and
the target is used. The substrate temperature may be 100 to
600° C., preferably 200 to 400° C. during deposition. By
deposition of the oxide semiconductor film while the sub-
strate is heated, the concentration of impurities included in
the deposited oxide semiconductor film can be lowered. In
addition, damage by sputtering can be reduced. In order to
remove moisture remaining in the treatment chamber, an
adsorption vacuum pump is preferably used. For example, a
cryopump, an ion pump, or a titanium sublimation pump is
preferably used. A turbo pump to which a cold trap is added
may be used as an exhaustion means. For example, a hydro-
gen atom, a compound containing a hydrogen atom, such as
water (preferably a compound containing a carbon atom), and
the like are exhausted from the treatment chamber with the
use of a cryopump. Thus, the concentration of impurities
contained in the oxide semiconductor film deposited in the
treatment chamber can be lowered.

Note that the oxide semiconductor film formed by sputter-
ing or the like contains a large amount of moisture or hydro-
gen (including a hydroxyl group) as an impurity in some
cases. Moisture and hydrogen easily form donor levels and
thus serve as impurities in the oxide semiconductor. Thus, in
one embodiment of the present invention, in order to reduce
impurities such as moisture or hydrogen in the oxide semi-
conductor film (in order to perform dehydration or dehydro-
genation), the oxide semiconductor film is subjected to heat
treatment in a reduced-pressure atmosphere, an inert gas
atmosphere of nitrogen, a rare gas, or the like, an oxygen gas
atmosphere, or ultra dry air (the moisture amount is 20 ppm
(=55° C. by conversion into a dew point) or less, preferably 1
ppm or less, more preferably 10 ppb or less, in the case where
measurement is performed by a dew point meter in a cavity
ring-down laser spectroscopy (CRDS) method).

By performing heat treatment on the oxide semiconductor
film, moisture or hydrogen in the oxide semiconductor film
can be eliminated. Specifically, heat treatment may be per-
formed at a temperature higher than or equal to 250° C. and
lower than or equal to 750° C., preferably higher than or equal
t0 400° C. and lower than the strain point of the substrate. For
example, heat treatment may be performed at 500° C. for
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approximately 3 to 6 minutes. When RTA is used for the heat
treatment, dehydration or dehydrogenation can be performed
in a short time; thus, treatment can be performed even at a
temperature higher than the strain point of a glass substrate.

Note that in some cases, the heat treatment makes oxygen
released from the oxide semiconductor film and oxygen
vacancies occur in the oxide semiconductor film. Thus, in one
embodiment of the present invention, an insulating film con-
taining oxygen is used as an insulating film that is in contact
with the oxide semiconductor film, such as a gate insulating
film. Then, heat treatment is performed after formation of the
insulating film containing oxygen, so that oxygen is supplied
from the insulating film to the oxide semiconductor film. With
this structure, oxygen vacancies that serve as donors can be
reduced and the stoichiometric proportion of the oxide semi-
conductor included in the oxide semiconductor film can be
satisfied. It is preferable that the proportion of oxygen in the
oxide semiconductor film be higher than the stoichiometric
proportion. As a result, the oxide semiconductor film can be
substantially intrinsic and variations in electrical characteris-
tics of the transistor due to oxygen vacancies can be reduced,
which results in an improvement of electrical characteristics.

Note that the heat treatment for supplying oxygen to the
oxide semiconductor film is performed in an atmosphere of
nitrogen, ultra dry air, or a rare gas (e.g., argon or helium)
preferably at 200 to 400° C., for example, 250 to 350° C. It is
preferable that the water content in the gas be 20 ppm or less,
preferably 1 ppm or less, more preferably 10 ppb or less.

The oxide semiconductor may be either amorphous or
crystalline. In the latter case, the oxide semiconductor may be
either single crystalline or polycrystalline, may have a struc-
ture in which part of the oxide semiconductor is crystalline,
may have an amorphous structure including a crystalline por-
tion, or may be non-amorphous. As an example of the struc-
ture in which part of the oxide semiconductor is crystalline,
an oxide semiconductor including a crystal with c-axis align-
ment (also referred to as a c-axis aligned crystalline oxide
semiconductor (CAAC-OS)) that has a triangular or hexago-
nal atomic order when seen from the direction perpendicular
to the a-b plane, a surface, or an interface may be used. In the
crystal, metal atoms are arranged in a layered manner, or
metal atoms and oxygen atoms are arranged in a layered
manner when seen from the direction perpendicular to the
c-axis, and the direction of the a-axis or the b-axis is varied in
the a-b plane (the crystal rotates around the c-axis).

In a broad sense, CAAC-OS means a non-single-crystal
oxide including a phase that has a triangular, hexagonal,
regular triangular, or regular hexagonal atomic order when
seen from the direction perpendicular to the a-b plane and in
which metal atoms are arranged in a layered manner or metal
atoms and oxygen atoms are arranged in a layered manner
when seen from the direction perpendicular to the c-axis
direction.

CAAC-OS is not single crystal but this does not mean that
CAAC-0S is composed of only an amorphous component.
Although CAAC-OS includes a crystal portion, a boundary
between one crystal portion and another crystal portion is not
clear in some cases.

Nitrogen may be substituted for part of oxygen included in
CAAC-0S. The c-axes of crystal portions included in CAAC-
OS may be aligned in a certain direction (e.g., a direction
perpendicular to a surface of a substrate over which CAAC-
OS is formed or a surface of CAAC-OS). Alternatively, the
normals of the a-b planes of the crystal portions included in
CAAC-0OS may be aligned in a certain direction (e.g., a direc-
tion perpendicular to a surface of a substrate over which
CAAC-O0S is formed or a surface of CAAC-OS).
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CAAC-OS ftransmits or does not transmit visible light
depending on its composition or the like.

As an example of such CAAC-OS, there is a crystal that is
formed into a film shape and has a triangular or hexagonal
atomic order when seen from the direction perpendicular to a
surface of the film or a surface of a substrate over which
CAAC-OS is formed, and in which metal atoms are arranged
in a layered manner or metal atoms and oxygen atoms (or
nitrogen atoms) are arranged in a layered manner when a
cross section of the film is observed.

For example, a CAAC-OS film is deposited by sputtering
with a polycrystalline oxide semiconductor sputtering target.
When ions collide with the sputtering target, a crystal region
included in the sputtering target may be separated from the
target along the a-b plane, and a sputtered particle having a
plane parallel to the a-b plane (a flat-plate-like sputtered
particle or a pellet-like sputtered particle) might be separated
from the sputtering target. In that case, the flat-plate-like
sputtered particle reaches a substrate while maintaining its
crystal state, so that the CAAC-OS film can be deposited.

For the deposition of the CAAC-OS film, the following
conditions are preferably employed.

By reducing the amount of impurities entering the CAAC-
OS film during the deposition, the crystal state can be pre-
vented from being broken by the impurities. For example, the
concentration of impurities (e.g., hydrogen, water, carbon
dioxide, or nitrogen) which exist in the treatment chamber
may be reduced. Further, the concentration of impurities in a
deposition gas may be reduced. Specifically, a deposition gas
whose dew point is -80° C. or lower, preferably —100° C. or
lower is used.

By increasing the substrate heating temperature during the
deposition, migration of a sputtered particle occurs after the
sputtered particle reaches the substrate. Specifically, the sub-
strate heating temperature during the deposition is 100° C. or
higher and 740° C. or lower, preferably 200° C. or higher and
500° C. or lower. By increasing the substrate heating tem-
perature during the deposition, when the flat-plate-like sput-
tered particle reaches the substrate, migration occurs on the
substrate, so that a flat plane of the sputtered particle is
attached to the substrate.

Further, it is preferable to reduce plasma damage during the
deposition by increasing the proportion of oxygen in the
deposition gas and optimizing power. The proportion of oxy-
gen in the deposition gas is 30 vol % or higher, preferably 100
vol %.

As an example of the sputtering target, an In—Ga—7n—0O
compound target is described below.

A polycrystalline In—Ga—Z7n—0O compound target is
made by mixing InO, powder, GaO, powder, and ZnO_ pow-
der in a predetermined mole ratio, applying pressure, and
performing heat treatment at 1000° C. or higher and 1500° C.
or lower. Note that X, Y, and Z are each a given positive
number. Here, the predetermined mole ratio of the InO pow-
der, the GaO, powder, and the ZnO,, powder is, for example,
2:2:1,8:4:3,3:1:1,1:1:1, 4:2:3, or 3:1:2. The kinds of powder
and the mole ratio for mixing powder may be changed as
appropriate depending on a sputtering target to be formed.

This embodiment can be combined with any of the other
embodiments as appropriate.

Embodiment 5

In a light-emitting device according to one embodiment of
the present invention, it is possible to employ a color filter
method in which full-color images are displayed using a
combination of a color filter and a light-emitting element that
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emits light of a single color such as white. Alternatively, it is
possible to employ a method in which full-color images are
displayed using a plurality of light-emitting elements that
emit light of different hues. This method is referred to as a
separate coloring method because EL layers each provided
between a pair of electrodes of a light-emitting element are
separately colored with corresponding colors.

In the separate coloring method, in general, EL layers are
separately applied by vapor deposition with the use of a mask
such as a metal mask. Thus, the size of pixels depends on the
accuracy of separate coloring of the EL layers by vapor depo-
sition. On the other hand, unlike the separate coloring
method, EL layers do not need to be separately applied in the
color filter method. Accordingly, pixels can be downsized
more easily as compared to the separate coloring method;
thus, a high-definition pixel portion can be provided.

A light-emitting device includes, in its category, a bottom-
emission light-emitting device in which light emitted from a
light-emitting element is extracted from an element substrate
over which a transistor is formed, and a top-emission light-
emitting device in which light emitted from a light-emitting
element is extracted from a side opposite to an element sub-
strate. In the top-emission light-emitting device, light emitted
from a light-emitting element is not blocked by an element
such as a wiring, a transistor, or a capacitor, so that the
efficiency of light extraction from a pixel can be made higher
than that in the bottom-emission light-emitting device. Thus,
the top-emission light-emitting device can achieve high lumi-
nance even when the value of current supplied to a light-
emitting element is decreased, and thus is advantageous in
improving the lifetime of the light-emitting element.

The light-emitting device according to one embodiment of
the present invention may have a microcavity (micro optical
resonator) structure in which light emitted from an EL layer
resonates in a light-emitting element. With the microcavity
structure, light having a specific wavelength can be extracted
from the light-emitting element with high efficiency, so that
the luminance and color purity of the pixel portion can be
improved.

FIG. 13 is an example of a cross-sectional view of pixels.
Note that FIG. 13 illustrates part of a cross section of a pixel
corresponding to red, part of a cross section of a pixel corre-
sponding to green, and part of a cross section of a pixel
corresponding to blue.

Specifically, FIG. 13 illustrates a pixel 1407 corresponding
to red, a pixel 140g corresponding to green, and a pixel 1405
corresponding to blue. The pixel 1407, the pixel 140g, and the
pixel 1405 include an anode 7157, an anode 715¢, and an
anode 7155, respectively. The anodes 7157, 715g, and 7155
included in the pixels 140~, 140g, and 1405 are provided over
an insulating film 750 formed over a substrate 740.

A bank 730 formed using an insulating film is provided
over the anodes 715#, 715g, and 71554. The bank 730 has
openings, where parts of the anodes 7157, 715¢, and 7155 are
exposed. An EL layer 731 and a cathode 732 that transmits
visible light are stacked in that order over the bank 730 to
cover the exposed parts.

A portion where the anode 7157, the EL layer 731, and the
cathode 732 overlap with each other corresponds to a light-
emitting element 7417 corresponding to red. A portion where
the anode 715¢, the EL layer 731, and the cathode 732 overlap
with each other corresponds to a light-emitting element 741g
corresponding to green. A portion where the anode 7155, the
EL layer 731, and the cathode 732 overlap with each other
corresponds to a light-emitting element 7415 corresponding
to blue.
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A substrate 742 faces the substrate 740 with the light-
emitting elements 7417, 741g, and 7415 placed therebetween.
A coloring layer 743 corresponding to the pixel 1407, a
coloring layer 743g corresponding to the pixel 140g, and a
coloring layer 7435 corresponding to the pixel 1405 are pro-
vided on the substrate 742. The coloring layer 743~ is a layer
whose transmittance of light in a wavelength range corre-
sponding to red is higher than that of light in other wavelength
ranges. The coloring layer 743g is a layer whose transmit-
tance of light in a wavelength range corresponding to green is
higher than that of light in other wavelength ranges. The
coloring layer 74356 is a layer whose transmittance of light in
a wavelength range corresponding to blue is higher than that
of light in other wavelength ranges.

An overcoat 744 is provided on the substrate 742 to cover
the coloring layers 743r, 743g, and 743b. The overcoat 744
transmits visible light, is provided for protecting the coloring
layers 743r, 743g, and 7435, and is preferably formed using a
highly flattened resin material. The coloring layers 743r,
743g, and 7436 and the overcoat 744 may be collectively
regarded as a color filter, or each of the coloring layers 7437,
743g, and 743b may be regarded as a color filter.

In FIG. 13, a conductive film 7457 with high visible-light
reflectance and a conductive film 7467 with higher visible-
light transmittance than the conductive film 7457 are stacked
in that order as the anode 715r. A conductive film 745g with
high visible-light reflectance and a conductive film 746g with
higher visible-light transmittance than the conductive film
745¢ are stacked in that order as the anode 715g. The con-
ductive film 746g is thinner than the conductive film 7467. A
conductive film 7456 with high visible-light reflectance is
used as the anode 7155b.

Thus, in the light-emitting device in FIG. 13, the optical
path length of light emitted from the EL layer 731 in the
light-emitting element 7417 can be adjusted by the distance
between the conductive film 7457 and the cathode 732. The
optical path length of light emitted from the EL layer 731 in
the light-emitting element 741g can be adjusted by the dis-
tance between the conductive film 745g and the cathode 732.
The optical path length of light emitted from the EL layer 731
in the light-emitting element 7415 can be adjusted by the
distance between the conductive film 7455 and the cathode
732.

In one embodiment of the present invention, a microcavity
structure may be employed in which the optical path lengths
are adjusted in accordance with the wavelengths of light
emitted from the light-emitting elements 7417, 741g, and
741b so that light emitted from the EL layer 731 resonates in
each light-emitting element.

When the microcavity structure is applied to the light-
emitting device according to one embodiment of the present
invention, light with a wavelength corresponding to red
among the light emitted from the light-emitting element 7417
resonates in the microcavity structure to increase its intensity.
Consequently, the color purity and luminance of red light
obtained through the coloring layer 7437 are improved. Light
with a wavelength corresponding to green among the light
emitted from the light-emitting element 741g resonates in the
microcavity structure to increase its intensity. Consequently,
the color purity and luminance of green light obtained
through the coloring layer 743g are improved. Light with a
wavelength corresponding to blue among the light emitted
from the light-emitting element 7415 resonates in the micro-
cavity structure to increase its intensity. Consequently, the
color purity and luminance of blue light obtained through the
coloring layer 7435 are improved.
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Note that although the pixels corresponding to three colors
ofred, green, and blue are shown in FIG. 13, one embodiment
of'the present invention is not limited to this structure. In one
embodiment of the present invention, a combination of four
colors of red, green, blue, and yellow or a combination of
three colors of cyan, magenta, and yellow may be used. Alter-
natively, a combination of six colors of pale red, pale green,
pale blue, deep red, deep green, and deep blue, or a combi-
nation of six colors of red, green, blue, cyan, magenta, and
yellow may be used.

Note that colors that can be expressed using pixels of red,
green, and blue, for example, are limited to colors existing in
atriangle made by three points on a chromaticity diagram that
correspond to the emission colors of the pixels. Thus, by
additionally providing a light-emitting element of a color
existing outside the triangle on the chromaticity diagram as in
the case where pixels of red, green, blue, and yellow are used,
the range of the colors that can be expressed in the light-
emitting device can be expanded and the color reproducibility
can be improved.

In FIG. 13, the conductive film 7455 with high visible-light
reflectance is used as the anode in the light-emitting element
7415 which emits light with the shortest wavelength A among
the light-emitting elements 7417, 741g, and 7415, and the
conductive films 7467 and 746g having different thicknesses
are used in the other light-emitting elements 7417 and 741g;
thus, the optical path lengths are adjusted. In one embodiment
of the present invention, a conductive film with high visible-
light transmittance, such as the conductive films 7467 and
746g, may be provided over the conductive film 7456 with
high visible-light reflectance also in the light-emitting ele-
ment 7415 which emits light with the shortest wavelength A.
However, it is preferable to use the conductive film 7455 with
high visible-light reflectance as the anode of the light-emit-
ting element 7415 which emits light with the shortest wave-
length A as shown in FIG. 13, because the fabrication process
of'the anode can be simplified as compared to the case where
a conductive film with high visible-light transmittance is used
as the anodes of all the light-emitting elements.

Note that the work function of the conductive film 7455
with high visible-light reflectance is often lower than those of
the conductive films 7467 and 746g with high visible-light
transmittance. Accordingly, in the light-emitting element
7415 which emits light with the shortest wavelength A, holes
are less likely to be injected from the anode 7154 into the EL
layer 731 than in the light-emitting elements 7417 and 741g,
resulting in low emission efficiency. In view of this, in one
embodiment of the present invention, a composite material
that contains a substance having a high hole-transport prop-
erty and a substance having an acceptor property (electron-
accepting property) with respect to the substance having a
high hole-transport property is preferably used for part of the
EL layer 731 that is in contact with the conductive film 7455
with high visible-light reflectance in the light-emitting ele-
ment 7415 which emits light with the shortest wavelength A.
When the composite material is formed in contact with the
anode 7154, holes can be easily injected from the anode 7155
into the EL layer 731, so that the emission efficiency of the
light-emitting element 7415 can be increased.

Examples of the substance having an acceptor property are
7,7,8 8-tetracyano-2,3,5,6-tetrafluoroquinodimethane  (F,-
TCNQ), chloranil, a transition metal oxide, and oxides of
metals that belong to Groups 4 to 8 in the periodic table.
Specifically, vanadium oxide, niobium oxide, tantalum oxide,
chromium oxide, molybdenum oxide, tungsten oxide, man-
ganese oxide, and rhenium oxide are preferable because of
their high acceptor properties. Among these, molybdenum
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oxide is particularly preferable because it is stable in the air,
has a low hygroscopic property, and is easily treated.

As the substance having a high hole-transport property
used for the composite material, any of a variety of com-
pounds such as an aromatic amine compound, a carbazole
derivative, aromatic hydrocarbon, and a high molecular com-
pound (e.g., an oligomer, a dendrimer, or a polymer) can be
used. An organic compound used for the composite material
is preferably an organic compound having a high hole-trans-
port property. Specifically, a substance having a hole mobility
of 107° cm?/V's or higher is preferably used. Note that any
other substance may be used as long as its hole-transport
property is higher than its electron-transport property.

The conductive films 7457, 745¢g, and 7456 having high
visible-light reflectance can be formed with a single layer or
a stack of aluminum, silver, or an alloy containing such a
metal material, for example. Alternatively, the conductive
films 7457, 745¢, and 7456 may be formed by stacking a
conductive film with high visible-light reflectance and a thin
conductive film (preferably with a thickness of 20 nm or less,
more preferably 10 nm or less). For example, a thin titanium
film or a thin molybdenum film is stacked over a conductive
film with high visible-light reflectance to form the conductive
film 7454, so that an oxide film can be prevented from being
formed on a surface of the conductive film with high visible-
light reflectance (e.g., aluminum, an alloy containing alumi-
num, or silver).

The conductive films 7467 and 746g with high visible-light
transmittance can be formed using, for example, indium
oxide, tin oxide, zinc oxide, indium tin oxide, or indium zinc
oxide.

The cathode 732 can be formed, for example, by stacking
a conductive film thin enough to transmit light (preferably
with a thickness of 20 nm or less, more preferably 10 nm or
less) and a conductive film including a conductive metal
oxide. The conductive film thin enough to transmit light can
be formed with a single layer or a stack of silver, magnesium,
an alloy containing such a metal material, or the like.
Examples of the conductive metal oxide are indium oxide, tin
oxide, zinc oxide, indium tin oxide, indium zinc oxide, and
any of these metal oxide materials containing silicon oxide.

This embodiment can be combined with any of the other
embodiments as appropriate.

Embodiment 6

In this embodiment, a bottom-emission structure, a top-
emission structure, and a dual-emission structure are
described. In the dual-emission structure, light from a light-
emitting element is extracted from an element substrate side
and a side opposite to the element substrate.

FIG. 14A is a cross-sectional view of a pixel in which light
emitted from a light-emitting element 6033 is extracted from
an anode 6034 side. A transistor 6031 is covered with an
insulating film 6037, and a bank 6038 having an opening is
formed over the insulating film 6037. In the opening of the
bank 6038, the anode 6034 is partly exposed, and the anode
6034, an EL layer 6035, and a cathode 6036 are stacked in that
order in the opening.

The anode 6034 is formed using a material through which
light passes easily or formed to a thickness such that light
passes through the anode 6034 easily. The cathode 6036 is
formed using a material through which light does not easily
pass or formed to a thickness such that light does not easily
pass through the cathode 6036. Accordingly, it is possible to
obtain a bottom-emission structure in which light is extracted
from the anode 6034 side as indicated by an outline arrow.
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FIG. 14B is a cross-sectional view of a pixel in which light
emitted from a light-emitting element 6043 is extracted from
a cathode 6046 side. A transistor 6041 is covered with an
insulating film 6047, and a bank 6048 having an opening is
formed over the insulating film 6047. In the opening of the
bank 6048, an anode 6044 is partly exposed, and the anode
6044, an EL layer 6045, and the cathode 6046 are stacked in
that order in the opening.

The anode 6044 is formed using a material through which
light does not easily pass or formed to a thickness such that
light does not easily pass through the anode 6044. The cath-
ode 6046 is formed using a material through which light
passes easily or formed to a thickness such that light passes
through the cathode 6046 easily. Accordingly, it is possible to
obtain a top-emission structure in which light is extracted
from the cathode 6046 side as indicated by an outline arrow.

FIG. 14C is a cross-sectional view of a pixel in which light
emitted from a light-emitting element 6053 is extracted from
ananode 6054 side and a cathode 6056 side. A transistor 6051
is covered with an insulating film 6057, and a bank 6058
having an opening is formed over the insulating film 6057. In
the opening of the bank 6058, the anode 6054 is partly
exposed, and the anode 6054, an EL layer 6055, and the
cathode 6056 are stacked in that order in the opening.

The anode 6054 and the cathode 6056 are formed using a
material through which light passes easily or formed to a
thickness such that light passes through the anode 6054 and
the cathode 6056 easily. Accordingly, it is possible to obtain
a dual-emission structure in which light is extracted from the
anode 6054 side and the cathode 6056 side as indicated by
outline arrows.

Forthe electrode serving as the anode or the cathode, any of
metals, alloys, electrically conductive compounds, and mix-
tures thereof can be used, for example. Specific examples are
indium oxide-tin oxide (indium tin oxide (ITO)), indium
oxide-tin oxide containing silicon or silicon oxide, indium
oxide-zinc oxide (indium zinc oxide), indium oxide contain-
ing tungsten oxide and zinc oxide, gold (Au), platinum (Pt),
nickel (Ni), tungsten (W), chromium (Cr), molybdenum
(Mo), iron (Fe), cobalt (Co), copper (Cu), palladium (Pd), and
titanium (Ti). Other examples are elements that belong to
Group 1 or 2 in the periodic table, for example, an alkali metal
such as lithium (Li) or cesium (Cs), an alkaline earth metal
such as calcium (Ca) or strontium (Sr), magnesium (Mg), an
alloy containing such an element (e.g., MgAg or AlL1), a rare
earth metal such as europium (Eu) or ytterbium (Yb), an alloy
containing such an element, and graphene. The electrode is
formed using a material selected from the above as appropri-
ate and formed to an optimum thickness, so that a top-emis-
sion structure, a bottom-emission structure, or a dual-emis-
sion structure can be selectively formed.

This embodiment can be combined with any of the other
embodiments as appropriate.

Embodiment 7

FIG. 15 is an example of a perspective view of a light-
emitting device according to one embodiment of the present
invention.

The light-emitting device in FIG. 15 includes a panel 1601,
acircuit board 1602, and joints 1603. The panel 1601 includes
apixel portion 1604 including a plurality of pixels, a scan line
driver circuit 1605 that selects a plurality of pixels row by row,
and a signal line driver circuit 1606 that controls input of
image signals to the pixels in a selected row. Specifically,
signals to be input to a variety of scan lines are generated in
the scan line driver circuit 1605.
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A variety of signals and power supply potentials are input
from the circuit board 1602 to the panel 1601 through the
joints 1603. A flexible printed circuit (FPC) or the like can be
used as the joint 1603. In the case where a COF tape is used as
the joint 1603, part of circuits in the circuit board 1602 or part
of the scan line driver circuit 1605 or the signal line driver
circuit 1606 included in the panel 1601 may be formed on a
chip separately prepared, and the chip may be connected to
the COF tape by chip on film (COF).

This embodiment can be combined with any of the other
embodiments.

Embodiment 8

A light-emitting device according to one embodiment of
the present invention can be used for display devices, per-
sonal computers, or image reproducing devices provided with
recording media (typically, devices that reproduce the content
of'recording media such as digital versatile discs (DVDs) and
have displays for displaying the reproduced images). Further,
as electronic devices that can include the light-emitting
device according to one embodiment of the present invention,
cellular phones, game machines (including portable game
machines), personal digital assistants, e-book readers, cam-
eras such as video cameras and digital still cameras, goggle-
type displays (head mounted displays), navigation systems,
audio reproducing devices (e.g., car audio systems and digital
audio players), copiers, facsimiles, printers, multifunction
printers, automated teller machines (ATMs), vending
machines, and the like can be given. FIGS. 16 A to 16E illus-
trate specific examples of these electronic devices.

FIG. 16A illustrates a portable game machine, which
includes a housing 5001, a housing 5002, a display portion
5003, a display portion 5004, a microphone 5005, speakers
5006, an operation key 5007, a stylus 5008, and the like. It is
possible to provide a high-definition portable game machine
having less luminance unevenness with the use of the light-
emitting device according to one embodiment of the present
invention as the display portion 5003 or 5004. Note that
although the portable game machine in FIG. 16 A has the two
display portions 5003 and 5004, the number of display por-
tions included in the portable game machine is not limited
thereto.

FIG. 16B illustrates a display device, which includes a
housing 5201, a display portion 5202, a support 5203, and the
like. It is possible to provide a high-definition display device
having less luminance unevenness with the use of the light-
emitting device according to one embodiment of the present
invention as the display portion 5202. Note that the display
device means all display devices for displaying information,
such as display devices for personal computers, for receiving
TV broadcast, and for displaying advertisements.

FIG. 16C illustrates a laptop, which includes a housing
5401, a display portion 5402, a keyboard 5403, a pointing
device 5404, and the like. It is possible to provide a high-
definition laptop having less luminance unevenness with the
use of the light-emitting device according to one embodiment
of the present invention as the display portion 5402.

FIG. 16D illustrates a personal digital assistant, which
includes a first housing 5601, a second housing 5602, a first
display portion 5603, a second display portion 5604, a joint
5605, an operation key 5606, and the like. The first display
portion 5603 is provided in the first housing 5601, and the
second display portion 5604 is provided in the second hous-
ing 5602. The first housing 5601 and the second housing 5602
are connected to each other with the joint 5605, and an angle
between the first housing 5601 and the second housing 5602
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can be changed with the joint 5605. An image on the first
display portion 5603 may be switched depending on the angle
between the first housing 5601 and the second housing 5602
at the joint 5605. It is possible to provide a high-definition
personal digital assistant having less luminance unevenness
with the use of the light-emitting device according to one
embodiment of the present invention as the first display por-
tion 5603 or the second display portion 5604. A light-emitting
device with a position input function may be used as at least
one of the first display portion 5603 and the second display
portion 5604. Note that the position input function can be
added by provision of a touch panel in a light-emitting device.
Alternatively, the position input function can be added by
provision of a photoelectric conversion element called a pho-
tosensor in a pixel portion of a light-emitting device.

FIG. 16E illustrates a cellular phone, which includes a
housing 5801, a display portion 5802, an audio input portion
5803, an audio output portion 5804, operation keys 5805, a
light receiving portion 5806, and the like. Light received in
the light receiving portion 5806 is converted into electrical
signals, so that external images can be loaded. It is possible to
provide a high-definition cellular phone having less lumi-
nance unevenness with the use of the light-emitting device
according to one embodiment of the present invention as the
display portion 5802.

This embodiment can be combined with any of the other
embodiments as appropriate.

This application is based on Japanese Patent Application
serial No. 2011-200067 filed with Japan Patent Office on Sep.
14,2011, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A light-emitting device comprising:

a light-emitting element;

a transistor;

a first switch;

a second switch; and

a third switch,

wherein the transistor controls supply of current to the

light-emitting element and comprises a semiconductor
film and a first gate electrode and a second gate electrode
facing each other with the semiconductor film provided
therebetween,

wherein the first switch controls supply of a potential of an

image signal to the first gate electrode of the transistor,
wherein the second switch controls supply of a potential to
the second gate electrode of the transistor,

wherein the third switch controls connection between the

first gate electrode and a drain terminal of the transistor,
and

wherein one of terminals of the light-emitting element is

electrically connected to a source terminal of the tran-
sistor.

2. The light-emitting device according to claim 1, wherein
the transistor is an re-channel transistor.

3. The light-emitting device according to claim 1, wherein
the semiconductor film included in the transistor contains
amorphous silicon or an oxide semiconductor.

4. The light-emitting device according to claim 1, wherein
at least one of the first to third switches is composed of one or
more transistors.

5. The light-emitting device according to claim 1, wherein
at least one of the first to third switches is composed of one or
more n-channel transistor.

6. A light-emitting device comprising:

a light-emitting element;

a transistor;
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a first switch; and
a second switch;
wherein the transistor controls supply of current to the
light-emitting element and comprises a semiconduc-
tor film and a first gate electrode and a second gate
electrode facing each other with the semiconductor
film provided therebetween,
wherein the first switch controls supply of a potential of an
image signal to the first gate electrode of the transistor,
and

wherein the second switch controls supply of a potential to

the second gate electrode of the transistor.

7. The light-emitting device according to claim 6, wherein
the transistor is an re-channel transistor.

8. The light-emitting device according to claim 6, wherein
the semiconductor film included in the transistor contains
amorphous silicon or an oxide semiconductor.

9. The light-emitting device according to claim 6, wherein
at least one of the first to second switches is composed of one
or more transistors.

10. The light-emitting device according to claim 6, wherein
at least one of the first to second switches is composed of one
or more n-channel transistors.

11. A light-emitting device comprising:

a light-emitting element;

a transistor;

a first switch;

a second switch; and
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a capacitor,

wherein the transistor controls supply of current to the
light-emitting element and comprises a semiconductor
film and a first gate electrode and a second gate electrode
facing each other with the semiconductor film provided
therebetween,

wherein the first switch controls supply of a potential of an

image signal to the first gate electrode of the transistor,
wherein the second switch controls supply of a potential to
the second gate electrode of the transistor, and
wherein the capacitor holds a potential difference between
the first gate electrode and a source terminal of the
transistor.

12. The light-emitting device according to claim 11,
wherein the capacitor and the light-emitting element are con-
nected in series to each other.

13. The light-emitting device according to claim 11,
wherein the transistor is an n-channel transistor.

14. The light-emitting device according to claim 11,
wherein the semiconductor film included in the transistor
contains amorphous silicon or an oxide semiconductor.

15. The light-emitting device according to claim 11,
wherein at least one of the first to second switches is com-
posed of one or more transistors.

16. The light-emitting device according to claim 11,
wherein at least one of the first to second switches is com-
posed of one or more n-channel transistors.

#* #* #* #* #*
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